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ABSTRACT 

A coaputer-assisted instruction (CAI) physics lesson 
on aagnetisa vas suppleaented with slides and fila loops to provide a 
siaulated encounter with siaple aagnetisa experiments. Two groups of 
students toot the CAI lesson, but one group vieved the siaulated 
experiaents, while the other group performed the actual laboratory 
experiaents* Since neither of the instructional nodes led to posttest 
perforaaace indicating lesson aastery, the data was further exaained 
in an atteapt to Identify prograa weakness* Possible sequence^related 
difficulties were considered the light of evidence pertaining to 
positive transfer* A hierarch/ of ^conceptual levels'* vas predicted 
for the lesson and used as a basis for an analysis of transfer 
effects* Although inconclusive, the evidence seeaed to indicate 
positive transfer in the predicted aanner and suggested resequeocing 
the lesson as an initial step toward aaking learning optiaal* Studei^t 
opinion favored the use of the siaulated experiaents as a welcoae 
change of pace froa usual classroon activities* (JT) 
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Laboratory and simulated laboratory experiences were developed and Inte- 
grated with a CAI physics lesson on magnetism. The relative effectiveness 
of actual and sImuUted concrete referents as an aid to learning abstract 
concepts and principles was investigated for college students In a basic 
physics course. No differences were detected between the two conditions 
with respect to posttest performanca or total Instructional time. 



A post hoc analysis of learning by objective was conducted to determine the 
existence of transfer effects In accordance with a predicted hierarchy of ! 
conceptual development. Although Inconclusive, the evidence appeared Indic- 
ative of positive transfer In the predicted manner and suggested resequenc- _ 
Ing of the lesson as an Initial step toward making learning optimal. > 
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MULTI -MEDIA SIMULATION OF LABORATORY 
EXPERIMENTS IN A BASIC PHYSICS 
LESSON ON MAGNEVISI-J 

ABSTRACT 

Laboratory and simulated laboratory experiences were developed 
end Integrated with a CAI physics lesson on magnetism. The relative 
effectiveness of actual and simulated concrete referents as an aid to 
learning abstract concepts and principles was Investigated for college 
students In a basic physics course. No differences were detected 
between the two conditions with respect to posttest performance or 
total Instructional time. 

A post hoc analysis of learning by objective was conducted to 
determine the existence of transfer effects In accordance with a pre- 
dicted hierarchy of conceptual development. Although Inconclusive, 
the evidence appeared Indicative of positive transfer In the predicted 
manner and suggested resequencing of the lesson as an Initial step 
toward making learning oftinv*!. 
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MULTI-MEDIA SIMULATION OF LABORATORY 
EXPERIMENTS IN A BASIC PHYSICS 
LESSON ON MAGNETISM 

Considerable interest has been generated. conceminij the 
use of- environmental simuiationrto- facilitate learning; The term 
simolation-has been aacribedca' number of meanings and connota- 
tions- bulgin' its most generai’-sense- refers to- the^ representation 
of reality V, -In the context* of "the-rpt'esent studyi- the' simulated^ 
environment* mode denotesronrinstructional method-^designed to 
provide-: individual students-^with-i a'substitute for: the- manipula- 
tion- of- specif ic laboratory* apparatus. More precisely, a 
computorebased instructional-^system-has been supplemented with 
slides- euidc film loops to* provide-. a: simulated encounter with 
simple^maghetism experiments^ Feasibility studies-.of *this nature 
appear .to:be':warranted' from-:eji* examination of^ the . potential 
advuntagescaffordad by .simulation of laboratory:experiences in 
seienceceducs.tion* ' 

:3imalation may :offer':relief from 8ome.o£'. thu'.problems 
involving-: space, personnel-^ and^ equipment inadequacies arising 
from--, rap idly growing enrollaents in many schools: Brubaker, 

SohwendeBan', and McQuarrie C1B6H$ identified advantages of 
filmed ettperimente over the crowded^ mass productionrof* a typical 
ohemietry- laboratory for nonemajorst Most important of these 
Q advantages-' is -the faaiXiartiy-.provided with experiments 
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involviugtprinciplas that'the'Students ara capahie .of under- 
steunding'-.but requiring advancedctechniques and'_equipmen1: which 
are unavailable to the beginner. 

Zinn'. {196 8) suggeatedt that --simulation permits exploration 
of- situations which may^rbectoorexpensive , too . dangerous , or too 
time "consuning in real.litii*.: Also, the vise of ^simulation for 
teaching" theoretical concepts'chich are at the-higher- levels of 
abstraction-should be considered!- -Blum and Bork' (1969) point 
to- that presentation of experience-tpossibilities- in-.a- spacetime 
worid?-fortreiativity studiesr.or^.atnon-Newtonian uAiverse for 
experiments': in mechanics!' - Relevant- laboratory -experiments are 
unavailabla for such theoretical inferences. 

Additionally, simulation-may be able to.alleviate some 
of - the-:disndveuitag8s that -accompany- the conventionei^usa of t'.e 
laboratory^; (1) lack of*;coordination of instructional units 
between the classroom andether laboratory i (2). .regiment at ion of 
a fixed- meeting time for-;thec laboratory and its-being- of limited 
Quration; (3) scheduling-. of- e-xperiments on the-::ba8iB' of equip- 
ment-availability ratherc-thancatudent need} Ck}-: relegation of 
the' laboratory administration- toegraduate students'; with limited 
experience: and unproven-.competence';' and (S) inefficient use of 
time'jwbila obtaining, maintaining*^ and assembling apparatus. 

While eimulation appears- to offer many advantages over 
traditional laboratory expaciencae, it should be remembered that 
an- instructional moda raprasants a means, not anrend-. Many of 
thaaacadvantagas would .hava little merit unlesB'simniatlon cam 
faoilitatenat- least an aqnivaiant-.dagree of laaming. An 
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investigation' of the extent of learning requires prior ident- 
ification of-the specific- learning skills of interest, Tt 
should be pof sible to identify some" of these skills through 
an-exair ination of objectives of laboratory instruction, 

■ The -laboratory movement has evolved from a need to implant 
specific-manipulative capabilities in the prospectivi scientist’s 
repertoryTof-skills. Since-iabbratory science-has become a 
common- requirement for themonsma^or, educators have been 
forcad^ tO'-identify naw objectives' to justify the- existence of 
the- laboratcry. These' objectives- include , among others, 
fac£iitation-of concept' andtprincipie learning^ development of 
probleB' solving capabilities^ and inculcation. of scientific 
attitudes^ Regardless- of -the'-expressed objectives, achievement 
by- ther nonemajbr is commonly measured in terms of concept and 
princiile- learning. 

■ : Ther.relative importsncacofv concept and principla learning 
asr:a i<iboratory objective may be- debatable , but:as long as 
•duoatoraccontinua to test for achievement in. this- area, the 
amphas'i.s- upon- design of' Instmetion' to attain ;this objective 
should be-commensuratSk. The acceptance of this’: objective as a 
reasomible ona for purposes of investigation necessitates con- 
sidarali^n of the operational usage' of the terms--"concept" 
and- •prlnoipla.’’ 

' ^ .'The distinction between concepts eurtd prii ciples appears 

to-baenneieer-to most science educetbrs. Many of them would 
tend- to -agree with Smith (1966^ that it is impossibls to sharply 
dlffsreatiats-prinaiples^ and even facts i fram- concepts. Greater 
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clarity can be "found when" one 'tarns to tho learning* theorists . 
Au8ubelr-il963) defined concepts -as- "unitary generic or categor- 
ical ideas". -while -principles "are '"composite ideas '.that involve 
meaningful 'relational combinations' of concepts that' are proposi- 
ttonal'in nature." Gagne '(1965) -made a similar distinction be- 
tween'the'two'terras but aisplayedrmore interestintheir 
hierarchical'-relatlonshlp* The proMem of semantics -for science 
educators r may not be oneof great significance since -both concepts 
and'principles are usedrto organize i to summarize^ - amd' to gen- 
eralize;: .Perhaps of greater relevance in the design'of science 
instruct ion -.in the degree of complexity or level'of ^abstraction. 
Thisrwouldrappear to be in agreement with the assertion -by Gagne"' 
Cl969i:that-:^abstract concepts are:.formally similar-to'principles." 

Nowak '(ISSS) suggested^the-construction of -a-"taxonomy of 
conceptual: lewals" and contended -■th-'^t such a taxonomy would 
provide a' natural scheme' for organizing the subsaming:processes 
deecribed:in:the leaming'theories'.of Ausubel C1S68); The closest 
upproximation'-to this suggestion-.appears to be the:"structure of 
organized --knowledge" presented:by:6agn/ (1965); This -structure 
suggests* an'-ordering of ' principles' in the form of hierarchies 
which-.display-.the dependence:of -higher-level principle learning 
upon-prior'leaming of subordinate-.principles and of concepts. 

More- recently! 'Gagne (1966) has suggested that “learning hierar- 
chies * are -rdeBcriptions' of the relationships of -positivstransfer 
amongrintellectual'SkillS! but that-they aie not descriptions 
of -.howtone -.acquires verbalizable --knowledge. " He-has'thus been 
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careful -to 'differentiate ‘!what the individual can-do^'. :from "what 
the -individual- knows 'In this skill context ir-thenterns'" concept" 
and "principle" would • refer to the -capabilities 'of - classifying 
and-rule#following« Thisrdistinction betweenprocess'and content 
appears 'tor be tone of- considerabietsignif icancerfor- design of 
instruction-and- measurement of learning outcomes. 

Sagn/-(1S68) also emphasized-that verbalizabie -knowledge 

^uldtsvent intellectual skillsr cantbe- acquired by learners some- 
whatt independently of presentation 'sequence. However-, learned 
intellectual'-skills; wili-be-found .to generate positive transfer 
in* an 'Ordered: fashion regardless'of presentation- sequence. This 
statement is not meant to imply that positive ,tr^ul8fe^ is un- 
affected by presentation sequence. 'One goal of lesson development 
should'.be-.the-identifioation'andrutilization of an optimal 
instructional' sequence to enhance transfer among 'learning events. 

- r- -The -present study was designed'to measurer the 'relative effect 
iveness 'Of 'actual and 'simulated laboratory experience r.f or enhanc- 
ing'the-leaming' of a basicrphysics lesson on -magnet ism. Since 
neither-of 'these - instructionalrmodes ' led to posttest -performance 
that: would: be-. indicative of lesson* mastery , therdata'iwas furthers 
examined' in: an -attempt to identify: pro gram weaknesses-. It was 
desmed'eppropriate' to' considar:possible sequenoe<>related diffic- 
ulticsrin:light of evidence pertaining to po8itive;.transfer. 
Speoifically; ’.A' hierarchy of "conceptual levels? was predicted for 
'lesBonrand-used- as - a basis for an analysis of rtransfer effects. 
T)ia:controi: p‘rovided- by computer simulation readily -.permits the 
alterationrof '.presentation sequence for subsequent:attempts to 



identify ran ^optimal* sequence r and “its' relation . to -positive 

transfer. 

Reviewrof r the r Literature 

The'simulated environment -mode presents many problems in 
the' realm- of -design- and -development; The types -of-models' described 
by authors - such as McMillan' and Sonzales (1368)'and Evans, 

Wallace i-ardrSutherland- (1968) aro generally inappropriate since 
they -are basically concerned -with -systems utilizing mathematical 
models; rrTherpresent investigation -has required' extensive trial 
and-errorrprocedures to 'develop- realistic simulationsof labora- 
toryrexperiences. Perhaps "the -documentation of rthisryrocess will 
prove-ofrvaluerto future- attempturof 'this nature. 

■ “ - r lnstructional use: of rthe- computer . Considerable evidence 
has ■ been : accumulated to demonstrate - the effect ivenss -of - computer- 
aesietedrinstruction (CAD :as-a' leaxviing mode; r -Hickey (1068) 
has reviewed'the development i -application , and- results -of ' instruc- 
tional uses of -the computer: in: a': recent survey, of* the- CAI liter- 
ature; Additional revie«s:of:the-ed;.cational. applications of 
computers have been presentedrin- the books by .Bushnell-and Allen 
(1967) : andrby Atkinson and Wilson' (1969) . There appears to be 
little-doubt that CAI offers-extensive potentJalias'-an instruc- 
tional tool* ; 

- , .Specific- inveatigationu in:the science areaninclude the 
Intermediate:Science Currioulum Study (ISCS) by: Snyder, Flood, 
and:Stuartr(1967) and the 6A1 college physics course :by Hansen, 
Dick, .end. Lippert (1368); The latter study reported-. a general 
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superiority of CAI instruotion^ower conventional clasoroom 
instruction? however, an analysis. of learring..by topics revealed 
instructional weaknesses on certain CAI lessons^ ^These-weaknesses 
haver.been' attributed to dnapprapris te media seiectioncby Schwarz 
and :Kronhoat':t 1968) . They havarposited that student' performance 
on,- these'-.iessons could' be improved' .^ ,jie addition' of' laboratory 
as' altemate^.medium. This appears'to be in accordr.with'Ausubel’s 
(1368) suggestion that even mature-students would -.tend-to function 
at a relatively concret'i or intuitive level when', confronted with 
' unfamiliar concepts and wouldr. benefit from concrate^empirical 
props to generate intuitive-meanings. 

:Simulation of luboratOL*yi.experiences, Recent studies 
indicatacthat' laboratory-simulation' provides an- effective medium 
for -instruct ion. Wing-fiSfiS)- cites ' pre- to posttest- gains for 
concept learning through' theruse of multi-media simulation of 
physics experiences; As a result of additional positive results, 
Wing (1966) has advocated considerably more study of ways in which 
simulation techniques can be osad in science -instruction. He 
furthar recommended departure from traditional' methodology to 
devise improved methods of instructing students-: In-science through 
ths'.ute of simulati'.'n. 

'.The chemistry project conducted by Lagoveki and Bunderson 
(1368) at the- University of Texas appears to have the greatest 
ralsvance tor.ths present experiment-, A preliminary field eval- 
uation indicatae tha't computer simulation of qnalitlativs analysis 
experiments incorporated in a 6AZ course produces the same 
O terminal behaviors as the traditional method with considerable 
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'saving^incstadenttime; Other chemistry simulations are being 
deveioped'-hut; field' test results have yet to.hecpresented. 

: • ' ^ • In.a : survey of computers- in physics instruction', Schwarz, 
Ki'omhoat:i:and-.Edward8 (1969) report the development -of a set of 
elcotricity^and magntetisa experiments at the Thomas* J. Wats. .i 
RosearohrCentsr of IBM and the uevlopment of experiments in 
elementaryr physics and chemistry by *‘cience Research- Associates. 

A numberrofrmore isophisticated' laboratory simulations- have been 
reviewed-by- Blum emd Bork (1969) in another survey. These inno- 
vations include a simulated-highr. energy accelerator^ a 'simulated 
mass' specttometer, and ths^ simulation of radioactive decay. The 
instructionairpotential ot these laboratory simulations appears 
totbecsubstantial, but learning data is generally^ lacking at 
present. 

r -- Learning hierarchies ; Convincing evidence* has been arcum- 
uiatedrin-.stndies of transfer of learning to substantiate the 
•xistencerof -learning hierarchies; Beginning with*. the* Gagne and 
Paradise- (1961) study involvingr algebraic equation-solving, Gagne' 
has- amassedcconsiderable'data: thatcsuggest hierarchical depcrd- 
encies-in-mathenaticB and science; Kingsley and-Hali (1967) 
have'. reported- substantial aaounte of positive-:. transfer of subor- 
dinate* skills-to the final tasks in a derived hierarchy of c<>n8- 
ervalion*: skills. In another*. study involving conservation tasks, 
Beilin-,- Kagan V' end Rabinovitz (1966) found priori classification 
trainingcto- provide gre stare positive tran8fez^:than-verbal training 
to- a- task-involving watsralevel reprsssntation*. :Scandura a)id 
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Weiia ;tl967i -8how«d ppsitiver;traiiBfer effects-from.- organizers in 
tbet-fcrm; of: relevant ruiesvnaed'ln- mathematical. gamee^ to learn- 
ing' materiala- in mathematical and: topology , 

. : 3eQneace of inatmction * Although intuitively appealing, 
the' literature provides- acant- evidence of any. dependence of 
inatructional'sequence upon' logical’ ordering. :In fact , studies 
sueh’:a8-thatcof Payne, Krathwohl', amd Gordon (1967) suggest , 
just 'the- opposite. These investigators found that the: scrambling 
of'.fraisa8r.in':three programmed: lessons in educational'-measurement 
didrnot: af f ect- perf ormanceconr criterion measureacof learning and 
retentions: '. These results -were in’ agreement with, earlier sf'dles 
of-thia'-nature-condunted'-bjr-Roe^ Case and Roe (i962>.emd by Levin 
and:Baker7tl993) .. Other" eKampiear could be citsd','-but-: the resulrs 
are "Similar. , ^ . v ■ • ^ 

:Gagne":{1968) implied that such findings.iwrcly raerve to 
emphasize-:tbe'.need to clearly distinguish between intellectual 
skilla:^d:verbalizabler.knoviedge:«hen ordering:a sequence of 
instructions:. rBriggs (1966) :-«nggeBted the deter.^jination of optimal 
a e qua nee': through the process of task analysis . followed by empir- 
icallyebaaed'.-revision. He has identified a need, to perform 
experiment 8 7 of this type in many at.bject matter 'vreas. 
Stetementiofcthe Problem 

Ths'present investigatioh involved the- development of a 
lessonron-magnetism in’ thersimulated environment mode to parallel 
an- existing" laboratory version': of r the seuse lessons Ths two 
versions "’Were- field tested eimuitaneously to determine their 
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rsiativsreffectivenass-v EffectiveneaB was meaaQredibsir: a posttest 
derived'. from: pev'fomanea objectives identified-for: the lesson 
and-byrthe'; total time required- for instructions Due to the lack 
of mastery':of--the learning materials by students instructed by 
eithenveraion't the data~«ere also examined. to. determine the 
exiatence-:of 'transer effects in accordemce with: a- predicted 
hierarchy: of : conceptual developments Evidence- of -.positive trans- 
fer-waarof: interest for sequence modification-during- subsequent 
revision. 

Rationale of the Study 

. .Xn an' attempt to reduce the diff iculties-.encountered by 
college-'students in an unfamiliar subject-matter: area, concrete 
referents- in-; the form of simple experiments were: added-to a CAI 
physics lesson.- It wrs assumed that- concreteKempirical-.p.?opB and 
-relevant analogies would facilitate. the formulation-of- abstract 
concepta and principles-* even for mature leamerj^ras-.-suggested 
by<-.Anaubel f 1968). Based on this assumption,:. itr..vas' theorized 
that:.tbe simulated environment mode would provider concrete refer- 
entsefor abstract concept and principle learning: equally as 
effectively as laboratory manipu'lation . Additionally-* if simula- 
tion.- could facilitate equivalent.-: learning whils-conserving the 
time , required to set up and manipulate the laboratct^-. apparatus , 
the simulated environment mode would prove more:. efficient. 

C> ; a \ \ 
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Ras»aceh . Queations 

The: following reeearch^qaestions have. beem identified 
■ reifttiveito:;the- present atjdy: 

-fl) Do differenceacexiet in* the instructional effect>- 
iveness of ' a' laboratoryrsupplementedrCAI lesson 
rconpared to: a' similar. las ton augmentedrwith simula- 
ted laboratory: experiences as meaeured-rby: a posttest 
. :based on objectives: related to concept: and: principle 
learning? 

(2} Are tnere differences: in the time- reqniredr for students 
vto complete: a: CAi' magnetism lesson: that: is supple- 
:mented with ' laboratory- experiences-- compared to 
-similar lesson that is supplemented: with- simulated 
• laboratory experiences? 

(3ji :What are the* op£nions:of students concerning the 

-effectiveneascand-desirability of receiving instruc- 
:tion in physics by CAi suppler -mteduwith either 
actual or simolated laboratory experiences? 

-{•») -What evidence of positive transfer* within-a-CAI lesson 
/ ;on* magnstisB can bs obtained from: an:objsctivs-based 

. ' - posttest to suggest the* existence: of: a* learning 
hierarchy? 




17 



12 



Method 

Learning-Materials 

Le88on-23! Magnets: and" Magnetism from the- FSU-CAI Physics 
Project -(Hansen, et al.* 1968) eas completely- revised-as proposed 
by 3chwarz-ejad-Kromhout:(1968), The fomat was .altered-;to Include 
the -.performance of simple experiments at appropriate, times within 
the“ieB8ona-“The experiments added-.to the le88on:.weie:;related to 
the-fieid'. and.'force properties . associated with^magnets and 
magnetismi Further revisioncof the lesson foiiowedr.on the basis 
of- the' results-of empiricaicdatar.obtai-.ed daringrsubsequent 
f ormativecevaluation . 

Forrthe- present-experiment", the identification:of perform- 
ancetobjectives for the- previously developed magnetism- lesson was 
desired* Since objectives for- this- lesson were: unavailable , it 
was -necessary to derive these objectives from- an- analysis of the 
laboratory-version of - the- leamingrmaterials end: have them 
substeuttiated-by the original- imtfaors . Based .upon: the derived 
objectives'* test items vere-prepared and the learning: materials 
-Nere:modified« Lesson: modification: involved, the .replacement of 
all laboratory manipulations: by-seemingly appropriate -simulated 
experiences. 

The decision to-mod.ify an existing lessor.- was nbased upon 
several advantages which . use of these materials: had- to offer. 
First* the authors had' been closely associated with the Physics 
107-program at FSU and were well aware of the-.course objectives 
and:eontent and of the-student capabilities. Ther.use of these 
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wati^rlaia^providcd an opportanlty to capitalize .upon .the^extensive 
experiencer:of .the authors in^ithe dev:elopment%of:;8ach*: materials* 
Secondf'^since this ' lesson vas idesigned to fulfiil-the^same object- 
ives as nthec corresponding lesson in^Physics lOli^jcoordination of 
the':data*:coliection with the time .schedule of .thet-physics class 
ensuredrthe'availabiltiy of subjects with the: requisite entry 

behaviors^: "Finally, the laboratory~experimentS"*u8ed in this 

i 

l«saonvcoaldrbe readily' sxmalated within the technical and time 
constraints 'imposed upon the- investigation. 

• - • : Modification of the~exi8ting‘ instructional :sequenc^^ was 

higbly'-.rastrictive .in nature* For:. experimental purposes , it was 
desirable-to'have the tworvecsicnscof the lesson identical in 
every' respect' except one', namely t, the laboratory ezperienues. 

Each manipulative ta^kwas replaced with an appropriate computer 
simulationc: '. Color slides, were utilized to displayr.the~ simulated 
apparatus' and~its manipulation* All verbal exposition’ and 
Socratlc::dialogue that did not pertain to specific: laboratory 
'experimentation remained constant. 

• Task Analysis 

■ i ■ 

The-.pbyslcs lesson used in the present study can be 

<See6ribedr.as:an -Instructional sequence designed: to: enable the 
' ’ , \ i 

etudentctor.formulate a model for magnetism which- explains , or 

ler:conBietent:.wlth, obaarvabie magnotlc phenomenal* An analysis 

■' i ■ 

-of the'.exlBting laboratory version of the lesson: identified the 

I - , 

■eries'.of events contained in Appendix A. Further analysis of 

j ~ i 

thesereventsrenggssted their organization into the four major 

These objectives and their ; 
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Fig* - l»*^dr4«niMtion of loaraing^tosks in th« vtiysiet Itaoons 
Kagnots and Hagnttisa* 
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•predicted'-interrelationshipB'. are; in '.accord with. the-, performance 
ob^ectiTes* identified in-.Appandix B. 

'Taekn I involves the'^^ learning of the concepts of magnetism 
at' a- concrete'. level whichcenablnar.the classification- of'. observable 
phenomena'- that -are related-to-.therproperties of magnets. Task 
IV rinvolves': the formulation'^oftan: abstract or theoretical concept 
of-magnetism which providas'arreasonable "explanation” for the 
class of phenomena' that'iconstitutee Task I. To' enable". the student 
to- move- from- the concrete-to-the~theoretical ieveli tasks II and 
lil-provlde' experiences . related: to: the properties.' of magnetic 
fields; and: magnetic forces^.'respectively. Task; IV . requires the 
abstractionrof these macro: field.- and force properties: to. "explain" 
the; phenomena of magnetism.- by- similar properties: on: a micro scale. 

A: hierarchical relationship: has been predicted to exist 
between these major tasks.- andr between the subtasks: within them 
as: indicated: in Figures: 2: andr3«. Evidence of. positive transfer 
betweenrthese; tasks andcsabtaskst would provide:; support for the 
exifltsacs::ofrsuch a leamingrhierarchy. Althongb:.the; sequence 
of-instructionrwas in therTordar: given in Appendix: A^ it should 
be- recalled that Gagne flSBOthas.-suggested that: learned intel- 
lectual ..skill will generate- positive transfer regardless of the 
presentation' sequence. . 

Test'-lnstrumehts ; 

A '.performance meeeurs was developed for. assessing the 
extent' of .. learning relative to each.- subordinate , competency of the 
identified!:parforasihee:objeotiveiv This -instrument-, was 
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TASK IV 



<f) Explaining 
ferronagnetisn 




Flgi 2 ••>*Pr«diot«d'hiararoliical' relationship aaong'the subtasks 

of Taek I, Taeks II and III, a^id the subtaske-.of,. Task XV, 
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TASK II 



(d) Pr«dlotln& 
direct ion of t 
« flold around, 
a currant- 
carrying wire 



TASK IV 



! 



(f )Identifying 
orientation 
of maximum 
field 
intensity 



T 



i 



!(e}Identifying 
-4 concentration 



jof field lines 
in center 
of a loop 



j- 



Cc)Identifying 
shape of field 
j lines around 
j a current- 
! cariying wire^ 

nx-i 



( 



](b)ldentlfyiji£ 
j 1 effect of 
I refersing 
current upon 
^ a field 



L 



(a) Identifying 
magnetic 
j field around 
I a current- 
jcarrying wire 






\ 



I 






TASK III 



(,a\ Identifying 
effect of 
a field on 
a current- 
carrying loop 






1 



(c)Identifying 
direction of a 
magnetic force 
relative to 
veloco S field 



(d) Predicting 
direction of 
a magnetic 
force on a 
moving charge 



(b) Identifying 
the nature 
of a 

^ magnetic 
force 



(a) Identifying 
i the force 
exerted on a 
charge by a 
magnetic field 



- ;V ■ . f ■’ . 

. • . ; ; onc-i J •; ■ f 
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TASK I 
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Fig* 3 •--Predicted' hierarchical* relationship among the subtasks 
of Tasks II and III* 
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adminlstored as a pretest" to^the control group and as a posttest 
to the ^two" treatment groups; Although the posttest data yielded 
a^KR^20 reliability of ;65(k = 21), xhe use of : correlational 
methods^to^de\erlnine an iestimate-iof^reli? >ility was not deemed 
entirely -appropriate , particularly :f or transfer considerations « 
Greater-dependability in*' thc-assessment of learning of each 
subordinate-competency couidrhaverbeen expected: from the use of 
two or more: items to measure the -.attainment of' each subtask , 
but unfortunately this method-:wa8^not adopted in :the present 
etudy'^ In terms of content-i'Tthe'instrument was .validated by 
three :phy6ics*;instructors^who';jadj:ed the items to 'adequately 
represent' the- objectives. 

A- second instrument-.nae-developed Tor the purpose of 
ascertaining- student attitudes'-and :opinions concerning various 
a8pect&':of- the Instructional^modes^used in the* experiments The 
primary purpose of collecting- this- information was- for consider^ 
ation during '.revision of ".therieaming materials^ The first 21 
items of the-:8cale were -administered to all experimental groups* 
Three -.items' (15 1 16, and-:2i) -that:wer« found to : be .ambiguous 
were rsubseqnently deleted::prior:: to scorings The* remaining 18 
items yielded' an alpha :reliabiiity'.coefflclent of ,91# 



Subjects (^s) were r randomly selected from a group* of Physics 
107 -volunteers at FSU* ~ .’rThe-selection of £s from. student volun- 
teers .were-necessitatedubytthe-fact. that all Ss. were. held respons- 
ible for .the- learning materials' onr:8Uosequent examinations in the 
' coursers.: Performance data-obtalned-.from a midterm: examination 



Subjects 




r\A r: 



administered -prior to- tha-investigation did not-reveal any 
systematic differences .anong"grQop8'.or between .Ss and the 
remainder of the class. 

Apparatus , . , ' . ^ 

-The IBM 1500 Instractional'-System was used-. to direct 
and :fflonitor the activities" conducted at each instructional sta- 
tion. The following equlpment-wasrinstalled af-each station 
for the experiment: IBM' 1510 Terminal emd Kodtdt-: Carousel 35mm 

slide projector. The laboratory'-stations had .the- f o'liowing 
additional apparatus: BC power supply • copper wire bar magnets, 

anda^small magnetic compass. All £s shared one technicolor 
Super 816 film loop pro-'eotor with accompanying Sawyer Mira 
Screen. 

Expepimental Desig.n 

- The design of this -experiment was similar tO"the- "Posttest 
Only Coi.trol-rGroup Design*! of Campbell and Stanley .(1963) . The 
design differed in that a second treatmeivc group. was added. 
Primary interest was focused npon performance. differences between 
the two .-treatment groups. The control gr oup was-lncluded to 
detei*mine- whether either treatment exerted a positive- influence 
upon-performance . 

Procedure 

The experiment was conducted*, at the FSU-»CA1 Center immed- 
iately prior to instruction of similar material in the convention' 
al course^ Tirdng was critical since £s were expected to possess 
requisite ".entry behaviors but to hsve received no formal 
inetruotion- at FSU over - material used in the investigation. 
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The-first phaseof 'the'experiment involved: procurement of 
Ss. All students enrolled:in '.Section 1 of PhysicsrlO? at FSU 
during the Fail, 1969-70 . Quarterrwere invited to :participate in 
the -experiment; The fifty volunteer Ss were randomly- assigned 
to one-of- three treatment -groups (L, S, or C) as* they reported 
for-instruction at the- CAT Center; Each instructional session 
was- limited: to- six students dne to constraints: imposed by 
facilities- and-equipment, 

The:ntud6ntsassigned:to; group L(16 ^s) received- instruc- 
tion by the laboratory version-of-the magnetism- lesson. Group 8 
C16S3> was instructed by the parallel, simulaxed- laboratory 
version; The posttest asid attitude-measure we.re- administered 
individually to each £ in- the treatment groups immediately upon 
completion of -the lesson. 

Group C (16Ss) was used as a control to estabiish'baseline 
entry behaviors. The perforazmee measure was - administered indiv 
idually tOTthese Ss - as a-pretest folloi ed by instruction via the 
simulated-. version ef the- leamingrmaterials, - Group: C received 
only-.therattitude measure following- the instruction. 

Total instructional time for each was raine^ from the 
ussr's file of- the computer: system. Addition iyithe midterm 
examination score in Physios 107 was procured for- each from 
the -professor of the course. 

- r\-t ’ * V . , . i-. - ^ \ ‘ X ■* r- r ' 

c'r.-v 

The results of the experiment should be considered in 
light’ of- the-identifiable limitations of the data; For*the 

er|c 
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assnasment'of ' learning' outcomes", ‘Sagne ( 1967) suggested consid- 
eration “of". the* cheracteristics -.of "dis tinctiveness 'and freedom 
from'distortioni Post hoc analysis'of the items :.used in the 
performance '.measure indicated their" general failure to be 
distinctivetin- two respects. Many'of the items 'appeared to fail 
i.n-distingoishing between the measurement of different intel- 
lectual' skills and/or between intellectual skillstand' verbaliz- 
able .'knowledge i In pa'>'tioolar^ a failure to discriminate between 
solving: ability requiring the use of the right-hand' rnie and the 
leeming'of '.principles relatcdtto 'current loops haa'been noted 
on- it 3ms '10 - and 16. Distortion due to interference'and distrac- 
tionrappeared prevalent :on':item8 7, 9, 11, and 14 i For example, 
ths'word "perpendicular which received much emphasis in the 
lesson; attracted a disproportionate number of :incorrect choices 
on- items 7 and 14 and the" figures :asrd in items'9' eind 11 had a 
seemingly adverse influencs'upon-rasponses. These'factors 
ihould'.be'-kept'in mlnd' whiie'interpreting the results, 

' Instructional effectiveness t" - The effectivensstof the two 

instructional-sequences '.was'measured in terms'of posttest 
performance'and'total instructional-time. The results "of these 
measure a: are 'Shown as mews with associated steindard deviations 
in Table. 1. along with the mean score of the control group on 
the' same'. performance meetsure administered as a pretest. 
Instruotional:time was not recorded for control'.£s because 
' suitable.:experimental control could not be exercised: over their 
instruct ion: and no posttest was administered, 
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TABLE 1.- -Means and 'Standard ‘deviations of test 
performance and total instruction time 



’ • : - ' ^ 'i ■■ ■ ; ■ 




■ - ‘ " Measure 




Condition ' 


Test 


Performanta 


Instructional Time < Min) 


■ ' v! - ^ ' 


M 


SD 


' M ■' 


SD 


Laboratory (L) 


11.6 


.... 3.3 .. 


84.7 


12,4 


Simulated' Laboratory (3) 


11*2 


2.8 


86.3 


13.8 


Control (C) .. , ~ 


5,8* 


2.3 


** 





* Received'the criterion measure’ as a preteet. 
** Time was not recorded. 
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Since the effectivenisss^of • the laboratory version of t.ie 
. lesson'^ had' not been previousiy^established , a t- test- was made 
oomparing*this oondition''with'the‘^oontrol condition'» This test 
for differences between' means';on‘ the performance" ineaoure yielded 
a t * 6il2 (P <.01). A comparison-of posttest performance for 
the' two";treatment conditions' provided no evidence- of" the superior- 
ity of 'either laboratoryror: simaiated laboratory .as- a: supplement 
to- CAI' instruction. To provide- an 'indioat ion of -the-.-effeotiveness 
of " tne'-instruotional sequence' by-individual objective, Table 2 
oontains-the- proportion' of-correot'rresponses for-: each* item of the 
parformance-:measure, Systematicr.differences between the two 
treatment- groups are not-rapparent, 

Ther total instructional' time -required for:-the:iaboratory 
version- of' the- magnetism- iesson-was- compared with' the' tine required 
for , instruction by the- simuiatedr laboratory versicni-.' Under the 
conditicns'-of'.tha present-experiment , no differenoesibetween the 
mean: instructional times'-forTths' two versions were revealed by 
a t' test*. , It" should be-noted-i-however , that approxin-^tely 15 
minutes of proctor time-was-required to prepare- the- laboratory 
condition prior to ea<. '-.administration of the experiment thus 
Saving at least an equivalents amount of student time. 

- The attitude scalectfas-tadmlhistered to all .£s'in-em effort 
to-deriVe-^opinions concerning: the '.effectiveness of - the* experimen- 
tal^conditiona* Since there .’:was~ nor. way for the.- Ss*. tor. compare the 
t woe condition 8, thedatarref lectropinions concerning the CM 
- px^ssntationrmode supple mentsdrwith -either actual-or. simulated . 

conoreta-referents. ■ 

1 f. 0,1 -ij i : -.vr .--i b.' f w 'v < •- i •' 
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TABLE. 2»-^f'»Propoption-copr«ct'.by'-item and learning 
task on' the rperft'rmance measureo 



Test 



Lcaiming 



Proportion correct 



Condition 



Item 


Task ' 


L 


S 


c 




1 


Ib 


,8B 


.88 


.94 




2 ■ ■ ^ 


Id 


,75 


.75 


.22 




3 


Ic 


.94 


,8:. 


1.00 




4 


la ■ 


.81 


.75 


.33 




5 


Ila 


.75 


.75 


.50 




6', 


■ . Ilb . 


.94 . 


.94 


.72 




7 


lie 


.31 


.50 


. 68 




8 


Ilia 


1,00 


.75 


.06 




9 


Ild 


.19 


.38 


.28 




10 


IIs 


.56 


.50 


.17 




11 


Illd 


.31 


.31 


.06 




12 


, Illb > 


.88 


.94 


.11 




13 ' 


IIIc 


.38 


1.00 


.06 




; 14 


Ille 


.31 


.06 


.17 




15 ■ ■■ 


llf 


.44 


.56 


.22 




16a it 


IVa 


.25 


.44 


.06 




16b 


IVd 


.38 


.44 


.06 




16c. 


. IVb 


. .00 , V- 


.on 


.00 




16d 


IVc 


.06 


.38 


.00 




16d 


... I Vs V • 


. .44 


.. .25 ■ 


.06 




16f 


IVf 


.19 


.19 


.06 




TABLE. 3. --Means and standard.; deviations of on 








attitude measure:;conceming CAI : . 








instruction suppie&onted 


with 








conorete referents 










Condition 




Attitude Measure 






1 < C- J'-i 




1 :■ 














M* SD 






Laboratory (L) 




60.8 13.3 






» - .V -J 






, .1 T- ■ J -■ 






Slnvlated Laboratory (S) 




62.3 8.8 






Control (C) 




; ’A -::; ># ' 


69.1 7.r 







* A Value of- S4 would represent-e-neutral attitude. 
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A total score of 54 based upon three points per item would 
ref lectr arneutral attitude: toward: the instructional sequenc^« 



Onthis.basis^ 41 displayed: a. positive reaction to the 
sequence coiipared Vo eight^negative reactions. . ‘There was genera?, 
agreer^nt that- the' ttimpl* experiments . (3.96)*- and' slivAes (4.04) 
ware- facilitating in the- learning-experience and ‘th::t there is 
a definite need for the development of more lessons- of: this type 
(3.92) Most, of the e tudents: emphatically agreed' that -the lesson 
was: a welcome- chemge of pace- from usual classroom- experiment in 
thefuture (4.04). 

Learning transfer s -Evidence for the existence-of positive 
tremsfer among learning tasks -should emerge from' the- pass-fail 
pattern- between adjacent t'e lev ant -tasks and subtasks i Accord- 
ingly I success with a highor task following success with a lower 
task ( + + ) or failure to succeed with a higher task- after failing 
with a- lower: task (»-) would constitute evidence- in support of 
positive transfer. Success with a:).dgher task following failure 
with a lower. task (v-) would be. in contradiction .of theories of 
positive transfer. Highe*r failure following lower :success (--*'} 
would provide no transfer data but would indicate porints at which 
the-:program:becomes ineffective for particule'-r learners. Since 
the -Ins-tructional sequences were identical and sincemo evidence 
was found to suggest that the posttest snores for-.the-two treat" 
ment- groups were from different populations! the-data-for these 
two- groups- were combined for the investigation of- transfer effects, 

*' Denotes mean scoz^ on the associated test item. 
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The performance patterns for predicted hierarchical: relationships 
bst«een::higher<klevel and relevantrlower>level-tasks :and~subtasks 
are' shown- in Table **, The: upper: part of the tabiecshows patterns 
relating'-the-eubtasks within • task: iV to tasks 11 rand III and to 
relevant- subtasks within te^k li CSince several -items in tasks 
II .and- III were judged to be 'suffering from distortion effects 
and- lack-rof-distinctiveneas',' success was arbitrarily.- defined to 
be 4 -passes out of 6 for- task-II rand 3 out of 5 -for task III,) 

The r lower part -of the table- displays a breakdown*of- transfer 
pattems within tasks II eind III, ^ 

• The final coluiri indicates the proportion; of instances 
consistent -with' the predicted hierarchy of taskt rand: subtasks. 
The-evideoce:for the existence of such a hierarchy: would have 
to be-conoidered far from conclusive on the basis: of-: the present 
study; -However y it is not possibierto differentiate-between 
instances. of r deviation from therhierarchy and- instances of dubi- 
ous-data: resulting from em undependable performance: measurement. 
Correct response resultingrfrom- guessing on the-muitiple choice 
items would tend to biasrthe-tproportions downward- due- to a dis- 
proportionate increase intcolumns::f 3) and (4).;:-Due to the 
conservative manner in' which-lhe-rfree response- items -were scored| 
these- items were rescored giving- 3s the "benefit- of- the doubt" 
and- the proportions in the:. upper- part of the table'Were recalcu- 
lated, ' The new proport ions -.were -found to be approximately .10 
greater than those reported: in- Table 4. ' 
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TABLE 4.--Pas8«-f All patterns*of:a’3hie?ement between'adjacent 
lowerand higher: ieveirreievant learning tasks, 
. and ; proportion- of rinetancep consistent with 
. predicted. pc'8ltive;tran8fer. 



Frequency of pass- Proportion instances 

Transfer to fall pattern-Hlgherj Total testable: ■ consistent with 

Lower frequency . ^ posidye transfer 



task or subtask 


(1) 

♦♦ 


(2) 


(3) 

♦- 


(4) . 

-4 


(1) ♦ (2) + (3) 


Cl) + (2) 


UJ + (i) + 13 J 


II 


from 


la 


13 


S 


2 


12 


20 


.90 


III 


from 


Ib^o 


20 


i 1 


6 


5 


27 


.78 


IVa 


from 


II, HI 


5 


13 


6 


8 


24 


.75 


IVc 


from 


Id, IVa 


9 


17 


4 


2 


30 


.87 


IVd 


from 


Ha 


3 


16 


5 


8 


24 


.79 


IVe 


from 


Ib,o, 
















IVa.d 


0 


21 


9 


2 


30 


.70 


IVf 


from 


IVe 


4 


21 


2 


5 


, 27 


,93 


Ila 


from 


la 


21 


4 


3 


4 . 


28 


.89 


lib 


from 


Ha 


22 


0 


8 


2 


30 


.73 


IIo 


from 


Hb 


12 


1 




18 


14 


.93 


lid 


from 


Ho 


4 


14 


5 


9 


23 


.78 


He 


from 


Ilo.d 


3 


14 


14 


1 


31 


.55 


Ilf 


from 


He 


12 


11 


4 


5 


27 


.85 


Ilia 


from 


IbiC 


24 


1 


4 


3 


29 


.86 


irib 


from 


IITa - 


25 


0 


4 


3 


29 


.86 


IIIo 


from 


Hit 


27 


0 


it 


2 


30 


.90 


Hid 


from 


IHc 


10 


2 


0 


20 


12 


1.00 


Hie 


from 


HIo,d 


s 4 ■ 


20 


2 


6 


26 


.92 
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In an effort to determine -the -credibility : of : the : predicted 
hierarchy relative to other conceivable hierarchies , a table 
of conditionai'probabilitieo for all possible: response patterns 
was-computedi The probabilityrof^mastering taskTX^’given that 
task-Xj^ has-been mastered^shouid- indicate the degree to which 
rr'edictabie'rralationshipat obtains among the various: tasks. Since 
no hierarchy vwas identified: that ' appeared more:reaaonable than 
the predicted :hierarchy» these: results have been^presented in an 
order' similar* to Table Table: 5 contains conditional probab- 

ilities -related to the major-: tasks: and to subtasks'within tasks 
I ond:IVrcaiculated with^ therdata 'obtained from-^ rescoring the 
measureTof :Task IV performances Table 6 includes conditional 
prcb^ilities :of success within^ tasks II and III* Asterisks iden- 
tify success probabilities pertaining' to the predicted hierarchy* 
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:TABl£--6. — Probability-of : responding . correctly, to -the teat item 
cowespondingTto task X2 given that task 
_ is mastered 
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Tables . 5 and . 6 . contalD probabilities which represent the 
i degree: to .which success :with : a :given task or subtask can be 
predicted. from . HUC06S8 on: anotherrtask or subtask;: Since mean- 
ingful;probabilities .arerpredictecj -When task Xi precedes task 
Xj , the : most ; sign if leant ; information regarding * adjacent tasks 
is found .above the diagona.^. ; However , since in:a perfect 
hierarchy .all. values below : the : diagonal would be : 1 . 00 , the 
extent toiwhich these values. dev.tate from 1 . 00 . gives a.i indication 
of:therdegree to which the:hiararchy approaches the ideal. Again, 
the: re 8 ults':are inconclusiverbecanse :of the dependability of the 
data. 



.. Discussion 

Based upon the theoretical positicn that: the simulated 
environment: mode would facilitate concept and principle learning 
in science-: in a manner similar to that o.f laboratory: experiences, 
the: preaentr-pilot study .investigated: the relative: effectiveness 
of the two .instructional modes; Additionally ,. an attempc was made 
to identify evidence of positive transfer between' learning tasks 
for- the purpose of sequencing the tasks during, further^ip^vlsions 

.ti W \ ' ' * 

of the learning materials. J 

No evidence was obtained: to suggest that - simulated laboratory 
experiences;. are any less effectiverthan- the performance: of simp.le 

! . <i 1 ■;! ‘ ■ 

; ‘ si*'- ■ - 

experimsnts: in providing concrete :re:ferents to aid:in the learn- 
Ing of - abstract concepts and principles; The results appear 

to suggest, the merit of continued attempts to: design appropri- 

y\ ; . . V ) 

ate laboratory simulations, particularly when limitations can 
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be ‘^<^'^ual:lAboratory:mcmipulatioQ8'r Soraa of 

the ; laboratory, limitations that would. tend'to:enhancs:the feas- 
lbllltyto£:simulation would inc.luderhealth hasards ,texcessive 
costa constraints imposed by overcrowding i ai.drunavailability 
of appropriate; ex:, srimente, , . ; 

Tberpossible dlfferenceo7in;student time-required for 
instruofion-were dellberatuly.negated in theprssent'study be- 
cause ;pf Ttbe:limited availability . of the CAI systemf; ; The- decis- 
ion to:set. up. the laboratory apparatus in advsnce-was taade to 
ensure; adequate time for:all; 3s .to- complete the: instructional 
sequeppsi': If total i^istructional: time were redefined: to include 
proctor: time. for preparationiofrthe: laboratory- condition, tbe 
resultstwould. tend to favor tbe simulated environment mode. 
Howeveri .since expert cncsrseems to indicate ' that: laboratory time 
is a functijn of tbe specific: experiment of interest', tauiy attempt 
to- genoralize.with refipeot:to time differences:would. entail 
considerable: risk and probablytsbouidnot be attempted. 

Student opinion tended:to:favor tbe-userof-conurpte refer- 
ents in-^associatlon with. CAI over other instructional methods. 

The general: consensus tbat:tbe lesson was a welcome- change of 
pace from; U8\ si classroom: activities is of particular .interest. 
This expression appears .toisuggestrcontinued investigation of 

potential rinnovu^iv.i! uBes:of:variouB 'media forms-.to promote 

■ \ 

greater: student interest. 

Due: to. apparent dlstortion:and-a lack'of :distinctlveneB8 
in the test items , the results. were:generally inconclusive with 
respect: to: positive transfer .throughout the- predicted learning 
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hierarchy* . While the existence :of r the rpredicted. hierarchy could 
not be :substantiated, neither -could 'it-be refuted;: Enough 
scattered.bits of evidence;were:reveaied, however^ to warrant . 
resequencing- of the lessoanand^investigatingf or .indications of 
positive- transfer with a:more'appropriate criterlonmeasure. 
Extreme care: should be exercised.in-restating'the-objectives 
ai\d: in devising the perfoncancermeasure in an effortrto-dlfferen 
tiate : between : various intelleotuai: skills and'between- intellect- 
ual skills:andverbalizable:knowledge. 

Verif cation of the:predicted:hierarchy could: conceivably 
shed: light upon Novak's. C1969). suggested "taxonomy of: conceptual 
levels;? The:hlerarchy .in rquest ion: identifies: three' possible 
levels-zof :theoretical conceptcdeveiopment; Task 1 could be 
considered-:an:identification:or:clasaif ioationrstage where attri 
butes:of:the:concept are^delineatedi-Tasks II emd III appear 
to constitute :a developmentairstage rwhere concrete:referents 
are -used to provide experiences '-that 'are congruent with the 
theoretical concept to be:-abstraoted;' The- f Inal :s tegs might be 
referred to as a formulationtstage-'where'the learner- builds a 
"mental rnodel*! which subsumestthereoncz^te- concept along the 
analogous: concrete referents* ; Therformulatlon of theoretical 
concepts: appears to requiretsomerundefined Intellectual skill 
related :to:the process -of -abstraction through- the use of 
ainalogies. 
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The:: attempt to aubatantiate^the existence rof:: a learning 
hierarchy . generated more' questions: than answers^ : ' Some of the 
questions '.vhich appear to: be - deserting of further: investigation 
include: the .-following: ' . 

il) What is the evidence: related to the existence of 
hierarchies of-verbalizable knowledge? 

(2) : .To:what extent 'can:iniellectual skills : be: differen- 

tiated from- verbalizable knov/ledge? : : Can .skills be 
identified that ire "content-free"? : -These iquestions 
have implioat ions ~ for: the formulation : of : process goals 
- in eduoation. 

(3) :. What is the evidence: that would tend: to: support the 



V existence of' a'taxonomy: of conceptual levels? 

- (4): Can the process'of- formulating abstract' concepts be 

differentiated:from:principle learning' and: rule-using? 
(5) : What is the appropriate; role of subsuming:processes 
in a learning-hierarchy? 

- -The; answers to the8e:qoestions would prove: invaluable in 
the:design:and- sequenoingrof :soience inftruotion. 
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APPENDIX A 

AJJALySIS or LEARNING TASKS IN THE LESSON: 
MAGNETS ^ AND MAGNETI-M 
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1. Observinc the effect: of a magnetic field upon magnetic 

■ -materials,' ^ ;'v-, ; 

2. Obseryi^gr the effect :of -bringing like and unlike magnetic 

polesr/together.'J , ^ • 

3. Obaervingrthe effect-of-byeaking a bar magnetiinto smaller 
pieces-upon -the magnetic poles. 

4 i Mapping-magnet io. field linear and observing:, their shape. 

5. Obaervingrthe existence of a magnetic fie Id: created by an 
electric: current" flowing-through a wire, , c r . . ^ 

S, - Qbserving'the relationship between the direotionrof current 
fiowandrthe direction-of the-magnetic field- created by the 

■ current. ..r r:'.!:/. , r-: -■■ ■ .- " ■ 

7. Observing- the shape of magnetic lines of force-created by 
; a current-i carrying wire. 

8i Observing.' the effect of an external magnetic-field upon a 
ourrent«"Oarrying wire. 

9i Predicting 'the direution'of- the magnetic lines of' force around 
a: current-carrying wire with 'the aid of the • first'right-hand 
rule. 

10. Observing; the direction-of:the-magnetic lines of.force around 
a-current^-carrying wire loop. 

Hi ?jredicting-the direetion'-of-a- magnetic force with the aid of 
the- second' right-hand rule. 

12-,. Observing- the nature-of rthe.-foroe exerted "y:a- magnetic field 
upon: a:moving charge. 

13. Observing: the relationship:.between the directionstof current 
- flow :eutd'extemal magneticr.fieidi euid the direction of 
magnetic force. 

14i Predicting: the behavior -ofrarcorrent loop placed:in:a-magnetlc 
field. 

15, Observing --that- a mametic-.force'has maximum-.intensity when 
the-magnetic field is -perpendicular to therdirectlon of 
current-flow, 

16. -Considering the existence'of: current loops: in- magnetic mat- 
- erials -to -explain observable -magnetic phenomena. 
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17. Coneidering. the existenceiof ^current loops -with magnetic 
poles::atithe'molecalarrlevel:a6 an explanation of '^he 
inability :to isolate' magnetic poles. 

18. Conside£>ing the' existencetof '.magnetic linestoftforce which 

forar-ciosed paths at'-ther-moieeuiar, current# loop 'level as 
an: explanation for:the-:ciosed-path8 of magnetic field 
lihes-iobsferved' for: magnetic-materials, ' : 

19. Considering- the motionrof: electrons in atoms '-a&d: molecules 
as: a rpossible- source. -.of rcurrent loops in :magnetic:materials 

20. Considering the orientation:of- current loops: comprised of 
unpaired:electrons'as~a' source 'Of magnet ism: in megnetic 
materials. 

21. Considereing the existence: of :mol«(cular forces: that tend 
to: prevent disorientation 'of' current loops: in ferro- 
magnetic-materials- afterran'extemal magnetic: field has 
been- removed. ‘ ' 
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TERMINAL OBJECTIVES 
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li The:8tudi»nt will be; able '^tOT identify thi phenoiAena which 
a:model:for'magnatiem:woald.'.need. to explain*:^These p^en- 
omenarwhich~cha; acterizetmagnetiem and which: dif f erent late 
properties rof ihaghete -fromrproperties of chargbi hre t , ‘ 

:ai Magnetic lines of^force.^form cloBed-pathscbnt electric 
lines'of force begin: andrend- on the'charges, (^)*. . 

:bi Magnetic poles and' charges: are similar;. in'both casen 
like'repel and unlike' attract. (1) 

c. Some :mate rials are~attracted to magnets :but;others 
are ■ not • (3) ^ 

d; Magnetic poles differtfromtcharges in.that^iioles cai>- 
not^be'ieolated' whiletcharges can. (2) 

II. The: student will be. able:to:identify the magnetic field 
properties .upon' which: a~ model: for magnetism: can'be built. 
These : fie Id ~properties:which: are 'associated: with: a- current- 
barrying'rWire are; 

a: Current flowing through:a:wire sets up a: magnetic field 

around a wire. (5) 

b. The'direction of 'the -magnetic field aruund^a wire is 
reversed when the'direetion-of the current' is ' reversed. 

ci Magnetic lines of ' forcerform concentric. circles around 
a :current-carrT?ing'wire. (7) 

di The :direction of 'the : lines of force around:a- current- 
carrying wire as 'predicted with the aid'Of:the first 
right-hand rule, (t;) 

e. Coiling a current-carrying' wire into a looprwill concen- 
trate:the lines of'-forceratthe center: of: the ..loop. (10) 

- f-. The-maximum magnetic-.f laid -.intensity around. a current- 
carrying wire loopris'perpendicular to the:ioop at its 
center. <1S) 

Illi The '.student will be able:to:identify the magnetic force 

properties 'upon which' a'modei:for magnetism: can: be built. 
These: force properties:whichr. are* associated' with: a -magnetic 
field are: 



a: A'magnetic field'exerts:a'force on a movingrcharge. (8) 

bi Magnetic forces arenoniy-.deflecting in:natnre:and do no 
work'.upon a charge. (12) 



• Indicates test item constructed to assess attainment of this objective. 
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Ci Thermagnetic' forpe'.exertedron ■ a chargedrparticla is 
- - perpendicnlar to; the'diractions of both* the velocity 
andrthemagnetictfield. (13) 

di Tbe::direction of :the; deflecting force. exerted on a ; 
carrent*carrying' wire :by: a: magnetic field- as -predibtM 
with:theaid' of • thersecondiright-hand.rule. (11) 

- Oi The-orientation- of Ta'current-carrying wire: loop in a 
magnetic field. (14) 

IV, The-stadent will be able* to'otilize a theoratical'-model for 
magnetismrto explain* the* phenomena which characterize magneto 
tismi * *The'phenomena*which' wilV’bs explained by the student 
are t 

Ai Tha-soarce of magnetism: in: a permanent .magnet, (16a) 

b; Magnetic poles cannot .'.be* isolated, (I6c) 

a Magnetic lines of :forcerform; closed paths. (16d) 

dr TheTSOuroe of curreht*ioops:in magneticrmsterials. (16b) 

er Some-.materials are-attraoted*to magnets'and others 
arernot. (16e) 

fr Some:materials can:ber;parmanently magnetized, (16f) 
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APPENDIX C 

MAGNETS r AND MAGNETISM 
CRITERION TEST 
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MAGNETS AND MAGNETISM 
CRITERION TEST 



Select the'.best answer to each* of the following" items and mark 
it on-the-answar sheet. 

1. Whichr.of :the following'statements is correct? 

1) Like- magnetic poles .attract -'•r unlike repel; -like charges 

repel"- unlike attract. ■ ; 

2) , Like-magnetic pc'les-repel - unlike attractv liK« charges 

attract - unlike repel. 

3) Magnetic poles 2 md: charges are similar; : in"both cases 
- like- attract - unlike repel. 

4) Magnetic poles and* charges- are similar;- in-both cases 
like repel - unlike attract. 

2. Which'of- these statements'is correct? 

1) Electric charges : can- be: separated but magnetic polen 
cannot. 

2) No -isolated electric: charges or magnetic: poles have 
ever-been observed. 

3) A magnet can be- cut-into~two piecesi a-northpole and 
a-south- pole, but' electric: charges cannottbe-separated. 

4}- Magnets ' can be separated linto north andrsonth poles, 

- and -electric charges -can " be- eaparated into-positive and 

negative chargee. 

3. ' Zdentify-the true statement. 

1) All metals are attracted" to magnets. 

2) Iron' and similar- metals- are' attracted to* magnets but 
copper- and aluminum- are not. 

3) Glass and common plastics: are attracted: to magnets. 

4) Ferromagnetic materials are not suitable for permanent 
magnets. 
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4. Lines.'of'force in a magnetic: field differ from'those in an 
electric'field in that 

1) they -form closed curves> 

2) they-do not give' the '.direct ion of the force, 

3J theyterminate on-the-magnetic poles. 

4} there'is an infiniternamber'Of them. 

Si When'an-eiectric current-flows- through a wire 

11 an electric field-isrset'up'in the space: around' the wire, 
23 a-magnetic field'is'8at:op;in the spacer. around: the wire. 

3) therspace around'the'wire-is not influencedmnless the 
direction of currentrflowris alternating, 

4) therspace around 'the: wire :1s not influencedronder any 
circumsteuices. 

6. Chaikgingrthe current' flow .in' a wire to the opposite' direction 
will 

1) eliminate any field'that was previously present atv>und 
the wire. 

2) increase the magnitude: of -any field around :the wire, 

3) reverse the directionrof r any field aroundrthe wire, 

'4> haverno influence-on' the' space around the wire. 

7. Thermagnetic lines of 'force:as 80 ciated with- a: longi -straight 
current-carrying wire 

1} are-parallel to the wire. 

2) are:perpendicular::to:the wire. 

33 form:concentric- circles:around the wix^e. 

4) spread:out radially:with'the wire at the center, 

8i A' constant -magnetic: field: exerts forces on 

13 stationary charges. ^ 

2) moving charges. 

33 both- stationary- and:moving- charges. 

43 neither stationary-nor-moving charges. 







9, With- cori*«nt flowing' in-th«"direction 

iridio«-t«d;by , I in th« - drawingi ithe Right 
Hand-Rui*.'telli-u8 ■thatfthe'diraotion of 
- tha • iines'of forda will •.be.'as'indioatid 
bythe' arrow at 



1 ) 1 

2 ) 2 

3) 3 

4) 4 




10. If the: w'ira'abova warar coiled; into a loop, the- lines of 
--force would .. 






1) cancaieaoh other out. 

2) - ba-in-tha direction' of; the- currant , l,;atrall points. 

ho.-longav be desoribed'by the Right Hand Rule. 



4)- ba-concantratedinsida'the loop. 

11. The-following diagran; represents a section- of' straight, 
current-carrying wire 'placed 'in -a magnetic field! 



CZ2I 

I 




k B 

The- wireiwill be deflected 

1) toward-the .top of-'the paper. 

2) to'the right. 

Wc.i into the paper. 

4) outr.of'the paper. 




12. The force.exerted'upon'a'chargcr.by a magnetic field 

is'a^pure. deflecting 'force: that does nor work upon the 

charge . 

2) may: slow down the charge. 

-3) inoreases the total* energy of the moving charge. 

« 

4). is.'sometiines calledra-fiotitious force. 
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13* - - W>ien'a.-char(;ed'partioletmove8:with a veXocity^. v, t^x^ugh 
a magnetic'field* B,: £n*a direction perpondicolar to the 
. .-field^: the^magnetic force'onr the' particle is in 

1) the .'direct ion of.'V^rperpendicular to B. 

2} the.'direction ofrB^'perpendicular to v. 

3) a -direct ion perpendicular-- to.- both v and B. 

*♦) a;.direction that-iar.not-perpendicular to.'either v or B. 

14. The.-figure'below represents.' a- current loop' placed-: in a mag- 
neticnfieid'with the'direotionrof the current-; in- the loop 
, as'indicated'by the- itri'ows.'on'the loop. Assnne'tl^a't the 
plane.' of' the loop is- perpendicular to the planerofrthis sheet 
of paper. 



IS. 



9 




The- loop -will tend to 

1) move -in the direction'of - the field. 

-2) move in a direction.- perpendicular to the field. 

3) rotate -in a clock^wise.-direction. 

4} rotate- in a counter-clockwise direction. 

The :maximum intensity' of .atmagnetlc field eet'.uptby a cur- 
rent loop is 

1) perpendicular to:ther.loop'.at- its center. 

2) lu-:the - plane of the 'loop directed towaiJriite center. 

35 dependent upon the .-.direction' of the current' in* the loop. 

4) in-.the' direotion-of-the-ourrent in the loop. 
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16i W*::h&v«.~develop«d'a-timple.:mod«l for magnetism In this 
lesson*: 'Use this'modsl^to-accoont for each of the 
foilovingi' CKeep your’ explanation brief.) 

- . - a) The-'. source of magnetism: in~. a permanent magnet. 



-b) The:fact- that magnetic-poles' cannot be isolated. 



o) Theifact- that' magnetic: lines of force .form-cclosed loops. 



d) The: source of current 'loops: in magnetic: materials. 



a) The fact that: some: mate rials are attracted:to magnets 
and others are not. 



f) - The :f act- that' some ‘materials 'are ferromagnetic (can be 
perman9ntly magnetized). 
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STUDENT , 

NAME - • - ■ N UMBE R - y - ‘ 

This' is-not~a test of information; -therefore, thort'is no one 
"right"-anawe»--to a- question; -.'He -are interested in your 
opinion-on-.each-of -the-3tatementB-.beiow. Yoyr opinions will 
be striotiy- confidential;- Dotnot'hSsitate to put^^own exactly 
how -you -feel' about each' item;: 'He: are seeking information, not 
compliments; '.please be freuik. 

1. Instruction such as this- is'one* of the most' effective ways 
-to leam-new concepts, \ 



1 2 3 4 5 

Strongly ; Disagz^e- Uncertain Agree. .:- Strongly 

Disagree 

2. There is a definite need.- for the development' of- more lessons 
■- of 'this, type. 

' ■■■■ -1- - ■ 2 3 ■ 4 ■ ■ 5 - 

Strongly Disagree - Uncertain Agree:: Strongly 

Disagree Agree 

3. I would rather learn 'the material some other way, 

-1 . 2 . . . 3 ,,.:c 4 5 

Strongly Disagree Uncertain Agree- - Strongly 

Disagree Agree 

4. I would have learned more from- a lecture. 

-1 : .2 3 ■ - .4 • ' S 

Strongly- - Disagree Uncertain : ; ; Agree : Strongly 

Disagree Agree 

5. I would choose- CAZ instruction' rather than participate in 
. . a- group- discussion on- the topic. 

:.-l . - 2 . . 3 ■ . 4 5 

Strongly - Disagree- Uncertain Agree- Strongly 

Disagree Agree 

6. I learn-more from this- type-of- instruction than from studying 
on ny own. 

- 1 - 2 3 4 5 

Strongly. Disagree Uncertain Agree- - Strongly 

Disagree Agree 
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7. As a ohang« of pace- from; usual cla8sroon> activities the CAI 
- . lessounas -welcome. 

- -1 — ■ j 2 ' ’ ' 3’ ' ^ 4‘ ; 5 

strongly: Disagree: « Unce?*tain Agree- ■ Strongly 

■ Disagree- ■ Agree',-' 

8. Such .Instruction does not -provide the necessary motivation 
to- learn- the subject, 

-1 ' 2 '^-'3 4 ■ 5 

Strongly Disagree Uncertain Agree Strongly 

Disagrae Agree 

9. In view. of the eunount of time involved, I feel too little 
was. accomplished. 

\ =-1 . . •■ 2 3 ' ' 4 ■ 5 

Strongly Disagree Uncertain Agree Strongly 

Disagree Agree 

i 

10. This is not a very cffioient way to learn. 

1 2 3 4 5 

Strongly Disagree- Uncertain Agree Strongly 

Disagree c i o.:- ■ Agree 

11. My liking for this type of' instruction outweighs my 

disliking. : i 

.1 2 3 4 5 

Strongly Disagree Uncertain Agree Strongly 

Disagree v ^ Agree 

12. I would volunteer to participate in an experiment like 
this againif 1 had the -opportunity. 

1 2 3 4 5 

Strongly . ' Disagx^e Uncertain Agree; Strongly 

Disagree Agree 

13. I would like to receive instruction of this type for an 
entire- course sometime. 

1 2 3 4 5 

Strongly; Disagree Uncertain Agree Strongly 

Disagree Agree 




57 






SI 



14.. I feel that I learned enoughfrom this lesson th»t it will 
not be necessary for me to attend the lecture over this sam^ 
material. ... 



■ 1 2 
Strongly Disagree 
Disagree 



3 

Uncertain 



4 5 

Agree ' Strongly 
Agree 



IS. 



This method of ■ instruction- could be effective but was npt 
appropriate for this lesson. 



-.-1 2 3 

Strongly . Disagree . . Uncertain 
Disagree 



4 5 

Agree Strongly 

Agree 



16. 



Thia method of instruction could be effective but this 
particular lesson was poorly developed. 



1 2 3 4 S 

Strongly Disagree Uncertain Agree Strongly 

Disagree Agree 

17. The simple experiments made this lesson more interesting. 

1 2 3 4 5 

Strongly Disagree Uncertain Agree Strongly 

Disagree Agree 

18. The simple experiments made it easier to learn the concepts 
presented in this. lesson. 

1 2 3 4 5 

Strongly Disagree Uncertain Agree Strongly 

Disagree Agree 



13. The film loops added very little to the lesson. 

1 2 3 4 S 

Strongly Disagree Uncertain Agree Strongly 

Disagree , • v Agree ; 

20. The slides were more of a distraction than an ■ aidto- learning. 



1 2 3 4 S 

Strongly , Diagree ‘ Uncertain Agree Strongly 

Disagree Agree 

21. The-CAI system would be just as effective forthis type of 
learning without any additional visual aids. 

-1.2.; 3 4 C 

Strongly Disagree Uncertain Agree Strongly 

Disagree Agree 
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The’naxt 4 questions are ‘to 'be "answered by those :who ■ received 

instruction-by the-simuiation-version of the lesson. 

22. The simulation of experiments ‘is a poor substitute for the 
"real thing,” 

i 2 3 4 5 " 

Strongly- Disagree Uncertain Agree- Strongly 

Disagree Agree 

23. I feel that I could learn 'more through the" actual manip- 

ulation' of the apparatus. 

• 1 2 3 4 b 

Strongly Disagree Uncertain Agree' Strongly 

Disagree Agree 

24. Simulation of experiments 'has'possibilities i - but the ones 
in this lesson were not realistic. . 

1 2 3 4 5 

Strongly Disagree Uncertain Agree- Strongly 

Disagree Agree 

25. The quality of the simulations" should be improved. 

1 2 3 4 5 

Strongly Disagree Uncertain Agree Strongly 

Disagree Agree 



The next 4 questions are to.be emswered by those who received 
instruction by the laboratory. version of the lesson. 

26. I feel that the meinipulation :of the apparatus -increased my 
understanding of the physics ‘concepts. 



1 2 3 

Strongly Disagree- Uncertain 

Disagree 



4 - 5 

Agree - - Strongly 
Agree 



27, Setting up the simple experiments was more bother than it 
was worth. 



1 2 3 

Strongly Disagree Uncertain 
Disagx^e 



4 5 

Agree Strongly 

Agree 



28. I had difficulty trying to figure out how to set up the 
apparatus. 



1 - 2 3 

Strongly Disagree- Uncertain 

Disagree 



4 5 

Agree : Strongly 

Agree 







29. I think that nov lea or simu let ipn of the experiments 
would be-justas'effeptiye'asa learning aid. 



1 2 3 4 

Strongly Disagree Uncertain Agree 

Disagree 

30. The best part of this lesson was 



31. The best way to improve this 'lesson would be to 



5 

Strongly 

Agree 



32. I would. like to moke the following additional 'comments. 
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